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特定方向から励振されたプラズモニックブラックポールの解析





A broadband omnidirectional light absorber, often called an optical black-hole, has received consid-
erable attention. A plasmonic black-pole(PBP) using a periodic structure has been proposed and
analyzed under the assumption that the PBP is omnidirectionally illuminated. In this paper, the
case is considered where the PBP is illuminated with a cylindrical wave from a specic direction. It
is shown that an absorptivity of more than 80% is obtained over a wavelength range of 500 nm to
1000 nm.
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-z 断面における単一セルを示す．方向の径 r = 700 nm
とし，粒子の切断角 r を変化させることで，構造を決定す
(a) 全体図 (b) 単一セルの断面図
(c) -断面図
図 1 構造
る．一周期の長さを  = 2rz とし，セルを構成する．解析
に用いる刻み幅を  = z = 1 nm ， = 15 に選ぶ．
図 1(c)に PBPの -断面図を示す．入射波は，構造端より
100 nm離れた位置から同相の円筒波を中心軸 ( = 0 nm)
に向かって励振する．
図 2 に r をパラメータとした吸収率の波長特性を示す．
r を小さくすることで，高い吸収率の得られることが分か
る．特に，r = 10 において，波長 500から 1000 nmの広
帯域で 80%以上の高い吸収率が得られている．PBPにおい
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ることを明らかにした．特に，r = 10 において，波長 500





1) C. Argyropoulos, E. Kallos, and Y. Hao, \FDTD analysis of
the optical black hole," J. Opt. Soc. Am. B, vol. 27, no. 10,
pp. 2020-2025, Oct. 2010.
2) H.-W. Wang and L.-W. Chen, \A cylindrical optical black
hole using graded index photonic crystals," J. Appl. Phys.,
vol. 109, 103104, 2011.
3) E. E. Narimanov and A. V. Kildishev, \Optical black hole:
Broadband omnidirectional light absorber," Appl. Phys.
Lett., vol. 95, 041106, 2009.
4) Q. Cheng, T. J. Cui, W. X. Jiang, and B. G. Cai, \An omnidi-
(a) Black-Pole
(b) Free space
図 3 ポインティングベクトル分布 ( = 750 nm)
rectional electromagnetic absorber made of metamaterials,"
New J. Phys., vol. 12, 063006, 2010.
5) A. I. Fernandez-Domnguez, S. A. Maier, and J. B. Pendry,
\Collection and concentration of light by touching spheres:
A transformation optics approach," Phys. Rev. Lett., vol.
105, 266807, 2010.
6) K. V. Nerkararyan, S. K. Nerkararyan, and S. I. Bonzhevol-
nyi, \Plasmonic black-hole: Broadband omnidirectional ab-
sorber of gap surface plasmons," Opt. Lett., vol. 36, no. 22,
pp. 4311-4313, Nov. 2011.
7) J. Yamauchi, Y. Nakagomi, and H. Nakano, \Plas-
monic pole-absorber using a periodic structure," Asia-
Pacific Conference on Antennas and Propagation, T1A2,
Chiang Mai, Aug. 2013.
8) J. Yamauchi, S. Ohki, and H. Nakano, \Analysis of a plas-
monic pole-absorber illuminated from a specic direction,"
Optical Wave and Waveguide Theory and Numerical Mod-
elling, p. 79, London, Apr. 2015.
9) 大機 慎太朗, 山内 潤治, 中野 久松, \周期構造を利用したプラズモ
ニックブラックポールの FDTD 解析," 信学技報, OPE2015-152,
pp. 27-32, 2016.
10) K. Kunz and R. J. Juebbers, The Finite Dierence Time
Domain Method for Electromagnetics, Boca Raton, FL:
CRC Press, pp. 370-378, 1993.
11) A. Vial, \Implementation of the critical points model in the
recursive convolution method for modelling dispersive media
with the nite-dierence time domain method," J. Opt. A:
Pure Appl. Opt., vol. 9, pp. 745-748, 2007.
